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Abstract
The trade in bear parts for medicine and for status is a conservation challenge throughout
Asia. The Asiatic black bear (Ursus thibetanus) and the sun bear (Helarctos malayanus) are
endemic to this region, and populations are estimated to have declined throughout their
ranges due to widespread illegal killing of bears and trade in parts, combined with loss of
habitat. Previous studies have indicated that legislation alone is insufficient to prevent illegal
hunting and trade, indicating instead a need to address demand for bear parts and products.
We conducted mixed-method surveys in Cambodia to understand the key motivators for
individuals to consume bear parts, and to understand whether specialised questioning tech-
niques are applicable in this context. Bear part use is illegal in Cambodia and may therefore
be considered a sensitive behaviour, in that individuals may be reluctant to admit to it. To
counteract possible biases, four specialised questioning techniques were used in this study:
randomised response technique (RRT), unmatched count technique (UCT), nominative
technique (NT), and false consensus bias (FCB). All four methods serve to shield a respon-
dent’s admittance of a sensitive behaviour from the interviewer. The results presented here
show that great variability exists in anonymous methods’ efficacy in certain contexts. How-
ever, the results overall indicate that individuals in Cambodia are under-reporting their con-
sumption of bear parts when directly asked, and that the prevalence of bear part use in
Cambodia may be as high as 15% of the population, representing a significant conservation
challenge.
Introduction
The world is currently in the midst of a biodiversity crisis [1, 2]. Use of animal products in tra-
ditional medicine is a major driver of the biodiversity crisis throughout the world [3, 4, 5, 6];
however, wildlife products for medicinal purposes have a long history of use, and in many
cases is an integral component of human cultures [7, 8]. Use of animals for medical purposes
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is well-known to be deeply ingrained throughout Asia [8]. In China some have argued that the
use of traditional medicine may be declining as Western medicine grows increasingly accessi-
ble [9], and this may be true within Southeast Asia as well. Nonetheless, use continues to be
ubiquitous throughout the region [8].
Bear parts have been used throughout Asia for thousands of years [10, 11]. Bear paws were
recorded as being found on imperial banquet tables as early as the Han Dynasty (206 BC to
220 AD) [12], and they have maintained their role as a high-status dish in Chinese society [13,
14]. Bear gallbladder and bear bile are components of traditional medicine (TM), and are used
to treat a variety of ailments [15], including fever, toothache, and stomach ailments [16]. At
present it is unknown whether bears are a traditional source of medicine in Cambodia,
whether their use is a recent trend brought in from neighbouring Vietnam and China, or
whether use of bear parts in Cambodia is some combination of the two.
What is known is that present levels of trade in bear parts in Asia are not sustainable and
have been negatively impacting bear populations. This is especially true for sun bears (Helarc-
tos malayanus) and Asiatic black bears (Ursus thibetanus). Current estimates are that these
bear populations have declined by approximately 30% over the past 30 years [17, 18]. Although
Appendix I of CITES prohibits international commercial trade of bear parts, and most Asian
countries have prohibited trade of bear parts within their borders, trade continues to be wide-
spread (e.g. Cambodia; [19], Lao PDR; [20], and Vietnam; [21]). As regulation alone has had
little documented effect on this trade [22], additional means are being employed to halt the
trade, and reduce or change demand. For example, drivers of bear part use among certain
groups are beginning to be explored using social science techniques, with the intent of using
that information to inform behaviour change campaigns [23, 24].
However, direct questions about sensitive behaviours, such as bear part use, can sometimes
result in deceit from participants due to worries about getting punished for an illegal action,
and/or social stigma that might be associated with the behaviour [25]. Killing bears is illegal in
most Asian countries, and use of bear parts is, by extension, often illegal [26], as many users of
bear parts will either by necessity or choice source their bear products illegally [23, 24]. There-
fore, alternatives to direct questioning, such as randomized response technique (RRT),
unmatched count technique (UCT) and nominative technique (NT), may provide a better pic-
ture of use by enabling respondents to answer confidentially and provide more truthful
responses [25]. RRT uses a randomisation tool, most commonly a die, to integrate probability
into the given response of the respondent. This probability ensures that the “true” response of
the interviewee is never known by the interviewer, thus ensuring complete anonymity. In
UCT, responses are shielded by asking respondents to state the number of actions performed,
some of which may be considered sensitive. In NT, respondents are asked to discuss the behav-
iour of their social group, rather than their own behaviour, thus allowing the respondent to
keep their own behaviour hidden. Additionally, false consensus bias (FCB) can assist in esti-
mating the prevalence of certain behaviours in a population by using respondents’ own per-
ceptions of a behaviour’s prevalence among their social group as an indicator of the
respondent’s own behaviour [27]. In a conservation setting, this technique has been paired
with RRT as an additional measure of behaviour prevalence [28], under the assumption that
individuals who engage in a sensitive behaviour will estimate a greater proportion of the popu-
lation as being involved in that behaviour [29].
All four methods are beginning to be applied to conservation settings, though their use is
rare in Asia. In the published literature, RRT, paired with an analysis of potential FCB, has
been proven to be successful in Taiwan, when asking respondents about illegal carnivore kill-
ing [29]. Prevalence estimates derived from RRT responses were found to be much higher
than from direct questions for the sensitive behaviour, and correlated with an observable false
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consensus effect. UCT has not been used widely in Asia, but in Tanzania UCT appeared suc-
cessful in encouraging respondents to answer truthfully about poaching [30]. One previous
study of UCT has been conducted in Cambodia, though the method was found to be unsuc-
cessful, supposedly because the behaviour in question had a low “true” prevalence within the
population [31]. Additionally, an online survey conducted by Hinsley et al. [32], which
included individuals from Indonesia, Malaysia, and Japan, found no evidence of an effect
when using UCT in comparison to direct questions. There has been no published conservation
research using NT in Southeast Asia. More generally, NT isn’t prevalent in conservation stud-
ies, apart from St. John et al. [25], who found it to be ineffective in their study about illegal fish-
ing in Wales. They hypothesised this inefficacy was due to the respondents in their study being
unfamiliar with their friends’ illegal fishing behaviour, rather than any issues with
implementation.
This study tests whether these methods can be successfully employed in Cambodia for ask-
ing sensitive questions about illegal use of wildlife parts, especially as there are no published
instances of any of these specific SQT methods being used in Cambodia to date. As the
mechanics affecting social desirability vary widely between demographic and cultural groups
[33], it is expected that SQTs will have variable success in varying demographic and cultural
contexts. Therefore, the success/failure of some of these methods in other contexts [25], may
not indicate parallel success/failure of these methods in Cambodia. For example, lack of a suffi-
ciently communicative social network could potentially affect NT [25], and thus NT may be
more effective in Southeast Asia where more homophilic social networks, e.g. the village, are
abundant [34].
In addition to the legality concerns, illegal wildlife part use may also be socially undesirable
in certain contexts, thus making it superficially analogous to such behaviours as illegal drug
use e.g.[35]. SQTs have been widely used in understanding the prevalence of illegal drug use
among populations, and thus they have been argued to be applicable in understanding other
sensitive conservation-negative behaviours, such as poaching [30]. While not widely used in
the illegal wildlife trade literature, SQTs could provide the most accurate measure of wildlife
part use prevalence. However, although these methods may have been successful in Western
contexts, quantitative questions are well-known to be context-dependent, and questioning
techniques that work in certain cultures and among certain demographics may not work in
others [36]. For example, a study performed in Cambodia that utilised unmatched count tech-
nique (UCT) to understand the prevalence of illegal bird hunting and egg collection was not
successful, perhaps due to the low behaviour prevalence, but contextual challenges cannot be
ruled out [31]. To our knowledge, no other published SQT study has been performed in a
Southeast Asian context, for any other sensitive issue. Thus, RRT, NT, and FCB are currently
untested in Southeast Asia, including Cambodia.
The main objective of this study is to provides the first quantitative measure of the extent of
bear part use in Cambodia, as well as the levels of deceit involved when individuals in Cambo-
dia discuss this illegal behaviour. A secondary important aim is to address the gap in the use of
SQT, by assessing the efficacy of the four methods in a Southeast Asian country, as well as test-
ing them for soliciting truthful answers in the use of illegal wildlife parts. The scope of this
study is such that elucidating the historic and current role of bears in traditional Cambodian
medicine is impossible; rather the study’s objective is on gathering information that can be
directly beneficial to conservationists working within Cambodia. Comparing the estimates
obtained through these specialised techniques to the direct responses provides an indication of
the true prevalence of bear part consumption throughout Cambodia. This baseline measure-
ment can inform where future demand reduction campaigns within Cambodia should be
implemented, as well as the potential, projected impacts of behaviour change.
SQTs to understand bear part consumption
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Materials and methods
Study site
Surveys were conducted in three socio-economically and geographically distinct areas: Phnom
Penh City, Stung Treng Province, and the Cardamom Mountains area (Fig 1). Phnom Penh is
the capital city of Cambodia and is a densely populated urban area with an estimated popula-
tion of 1.5 million. Stung Treng, a province in northeast Cambodia, was chosen because it is
rural, and relatively ethnically diverse, with a substantial population of Lao and other ethnic
minority groups. Nonetheless, as is common throughout Cambodia [37], most of the popula-
tion in all three locations identified as Khmer (S1 Data).
Surveys were also conducted in communities surrounding the Central Cardamom Moun-
tains National Park, part of a large protected landscape in southwest Cambodia, which har-
bours a potentially regionally significant population of sun bears [38]. Currently, there is
evidence to suggest that Stung Treng and the Cardamom Mountains may be “source” sites of
illegal animals and animal parts [39, 40].
Survey instrument
This study used a questionnaire containing only closed-questions (see S1 Data), which was
presented in an interview format, to ensure that questions were understood and answered as
Fig 1. A map of Cambodia. With Stung Treng, Phnom Penh, and the Cardamom Mountains marked. (Map drawn by J. Knox.).
https://doi.org/10.1371/journal.pone.0211544.g001
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intended. The survey instrument was prepared in English with input from local and interna-
tional experts. The questionnaire was translated to Khmer and back-translated to English by a
professional translation service. The back translations were crosschecked against the original
English to ensure accuracy. The survey instrument was pre-tested in Phnom Penh and final
adjustments were made accordingly.
In the survey, unmatched count technique (UCT) was asked first, followed by nominative
technique (NT) and false consensus bias (FCB) questions. These specialised questioning tech-
niques (SQTs) were, in theory, less conspicuous. They were not separate questions and did not
require separate “training”. The final SQT to be used was the randomised response technique
(RRT) which required additional instructions for respondents and was therefore believed to be
more conspicuous and time-consuming. The survey was found to take between 20 to 30 min-
utes, depending on the interviewer’s skill. The five SQT questions used within the survey, as
well as the order they were in, are depicted below in Table 1.
To compare with the SQTs, the direct estimate was calculated as being all self-stated users
of bear bile and bear gallbladder, as these two terms are used interchangeably for indicating
“bear bile use” for medical purposes.
Sampling method
Stung Treng and Cardamom Mountains sampling sites were chosen through cluster random
sampling. Districts were first divided by commune, then each commune was then further
divided into randomly selected streets where the survey team would perform interviews. Each
research assistant walked a different street each day, and surveyed every 4th household on their
left. This sampling was also used due to the scattered distribution of households in this rural
area. One person in each household was surveyed, and all respondents were over 18. Male/
Table 1. The five questions used, in order of appearance in the survey.
Unmatched Count Technique (UCT)
How many of the following have you done in the past 12 months?
A B
Cut yourself by accident Cut yourself by accident
Take a painkiller Take a painkiller
Use herbal medicine Use herbal medicine
Take bear bile Go to the hospital in the US
Go to the hospital in the US
Nominative Technique (NT)
a. How many of your close friends do you know for certain have used/consumed bear parts for medicine or other
purposes? (If more than one friend has used bear parts, randomly nominate one of them.)
b. Other than you, how many other people do you believe know that the nominated friend has used bear parts or
products for medicine or other purposes?
False Consensus Bias (FCB)
Thinking of your closest family and friends, what percentage (between 0–100%) of them do you think use bear parts
or products for medicine or other purposes?
Please circle one below–if you don’t know, please guess.
0–20% 21–40% 41–60% 61–80% 81–100%
Direct
Have you ever consumed/used any of the following bear parts or products?
Ex: bear paw soup, bear bile, etc (answered yes or no)
Randomised Response Technique (RRT)
Have you ever used bear bile or gallbladder?
https://doi.org/10.1371/journal.pone.0211544.t001
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female respondents were alternated. A total of 1,934 interviews were performed in all three
sites (Stung Treng: n = 636; Cardamom Mountains: n = 649; Phnom Penh: n = 649) (Table 2).
In Phnom Penh, five public parks were chosen as sampling sites by the Phnom Penh Capital
Hall because household sampling was deemed to be biased towards lower income individuals.
Public parks in Phnom Penh are used by a cross section of society. However, they are sparsely
populated during the day, thus sampling effort was limited to the evenings and weekends. As
in the two other areas, males and females were alternated between, excluding any person who
had been living in Phnom Penh for less than two years. This was to adequately reflect “true”
residents of Phnom Penh, rather than transient individuals [41]. Although it is possible that
interviewed individuals in the Cardamom Mountains or Stung Treng were recent migrants, it
is less likely, as those interviews were conducted at established households, rather than public
areas.
Potential interviewees were informed that the survey was completely confidential and
anonymous, and that they could refuse to answer any question or stop the interview at any
time. Verbal consent was considered given if interviewees indicated understanding and accep-
tance of the terms, according to a set verbal consent form that was approved by both ethical
boards (IRB and the University of Bristol). Written consent was not obtained due to time con-
cerns, additionally some individuals were illiterate. The interview was not allowed to move for-
ward if verbal consent was not obtained. Research assistants were thoroughly trained in
understanding this, and the research team leader was always present at field sites to ensure that
interviews were conducted to the highest ethical standard. Ethical approval was provided by
Miami University Ohio IRB for Human Subject Research (Protocol Number FWA00023676)
and the University of Bristol Ethics Board.
Specialised questioning techniques
In UCT the interviews are split into two groups: treatment or control. Each respondent is
asked the question “How many of these activities have you done?”, and shown cards with a
variety of activities on them. The control group is shown cards with four non-sensitive activi-
ties, while the treatment group is shown cards with the same four non-sensitive activities, as
well as an additional sensitive activity, for example poaching. The interviewee will answer with
the number of activities they have performed. The difference between the two groups provides
an estimate of the prevalence of the sensitive behaviour.
For RRT, the interviewer used a die as the randomisation tool. The interviewee shook the
die in a cup (to hide the outcome from the interviewer), and looked at the result. One side of
the die was painted red, one green, and the four other sides left blank. If the die came up red,
the interviewee was always to answer “no” to the question posed by the interviewer. If the die
came up green, the interviewee would always answer “yes”. If the die was blank, the
Table 2. Demographics.
Demographics Stung Treng Cardamom Mountains Phnom Penh
Gender Male 48.8% (n = 312) 48% (n = 311) 50% (n = 325)
Female 51.2% (n = 324) 52% (n = 338) 50% (n = 324)
Age Range 18–75 18–80 18–86
Average 37 37 31
Median 35 34 26
Education Common Highest Level Secondary school 27.3% (n = 175) Primary school 44.1% (n = 286) University (Bachelor’s) 33% (n = 212)
Religion Buddhist 82.5% (n = 529) Buddhist 75.5% (n = 529) Buddhist 92% (n = 598)
https://doi.org/10.1371/journal.pone.0211544.t002
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interviewee would answer truthfully. This method ensured that the interviewer was never cer-
tain as to whether a response was forced (i.e., the result of a red or green throw), or was truth-
ful [42]. However, RRT has been criticised for having very high variance, and for confusing
respondents and sometimes making respondents suspicious [43]. Because of these issues,
nominative technique (NT) has been proposed as an alternative [35]. The key difference
between RRT and NT is that in NT the sensitive behaviour of interest is not asked about
regarding the interviewee, but rather regarding the number of close friends/family of the inter-
viewee who perform the sensitive behaviour. For example, an interviewee may state that they
have three close friends who poach. When accounting for duplication, i.e. stated close friends
between respondents who are the same individual, the true prevalence of the behaviour in the
population can be estimated [25].
As an estimate of behaviour prevalence FCB is simple in execution. Respondents are asked
what percentage of their friends they believe to have performed the behaviour in question.
This belief is then matched with the number of respondents who have self-stated or been
found through SQTs to have performed the behaviour. A comparison of these two estimates
allows for ascertaining whether belief in the prevalence of the behaviour is higher among
respondents who have used bear parts.
Respondents were also asked to state which questioning technique of RRT and UCT they
trusted most, and which they found easier to understand. The parameter of “trust” and “com-
prehension” were investigated so as to inform the application of these techniques in future
SQT studies within Cambodia.
Statistical analysis
Prevalence estimates from the SQTs were calculated using the following three formulae. Each
formula was adapted from published work. The RRT formula used was [21]:
p ¼
ðl   yÞ
s
ð1Þ
In this equation, π is the anticipated proportion of the sample who are truthfully admitting to
the behaviour. λ is the proportion of all answers in the sample that are “yes”, with θ standing
for the probability of the answer being a “forced” yes (1/6 in our study). Finally, s is the propor-
tion of truthful answers (2/3 in our study) [26].
The formula for UCT is calculated by subtracting the mean number given for the control
group from the mean number given for the treatment group. This can be represented formula-
ically as follows [31]:
p ¼ �xA   �xB ð2Þ
Where π is the prevalence estimate, �xA is the average number given by the treatment group,
and �xB is the average number given by the control group.
NT uses the following formula to assess prevalence and account for duplication of response
[19]:
TX ¼
Pn
j¼i
Aj
1þ Bj
ð3Þ
With TX representative of the estimated number of individuals in a sample size n performing
the sensitive behaviour. Aj represents the number of rule breakers that the respondent j knows,
with Bj representing the number of friends, other than j, that know of the “nominated friend’s
rule-breaking” [35].
SQTs to understand bear part consumption
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FCB was calculated by tallying the number of individuals who said “yes” to each category
presented. The category that had the greatest number of responses was deemed to be the esti-
mate of prevalence, as determined by the respondents. Additionally, respondents were sepa-
rated into users and non-users of bear parts, and FCB responses between groups were
compared using a standard chi-squared test.
All data were analysed using the software program R [44] and all figures were created using
the package ggplot2 [45]. 95% confidence intervals were calculated for every estimate.
Results
Respondent characteristics
The total number of respondents and their demographics are summarized in Table 2. The
sample population appears to mirror the overall demographics of Cambodia. Cambodia’s gen-
der ratio is roughly 50:50 [46]. The average age of Cambodia is lower than that obtained here,
but that reflects our sampling protocol, in which only adults above the age of 18 were sampled.
Buddhism is the dominant religion in Cambodia, and this was reflected in the three sampling
sites.
The demographics of Stung Treng, the Cardamom Mountains, and Phnom Penh (total
n = 1,934).
As seen in Table 2, all three sites varied in what was the most common highest level of edu-
cation. Phnom Penh respondents spent more time in formal education compared to the other
two samples. This is to be expected since Phnom Penh is the most urban of the three sites, and
the interview locations in the Cardamom Mountains were the most rural, with decreased edu-
cational access
No measure of income was included, due to the recognized problems of deceit and discom-
fort that can occur when asking individuals about their income [47]. In addition, during sur-
vey design, local experts indicated that asking about income level could be more sensitive than
asking about bear bile. Therefore, education and “urban” and “rural” were used as rough prox-
ies of socio-economic status.
Prevalence estimates by specific location
The prevalence estimates for bear part use for each specific location are represented in Fig 2.
In Stung Treng, direct questioning and RRT showed similar estimates of the prevalence of
bear part use, while UCT and NT were both higher. For NT, the prevalence estimate was also
higher in the Cardamom Mountains, with every other technique yielding a much lower esti-
mate. In Phnom Penh, the highest estimate was obtained using UCT, but it was not signifi-
cantly higher than NT.
There was no difference between the results gained from direct questioning and RRT in
Stung Treng. In the Cardamom Mountains and Phnom Penh the prevalence estimate obtained
using RRT was lower than direct questioning, indicating mistrust and/or misunderstanding of
the method.
In addition, the type of parts used between sites was investigated. Differences were found in
part use in each site. The less valuable and more perishable parts, such as bear meat, were con-
sumed closer to the source (Cardamoms).
Prevalence estimates for the country of Cambodia
The estimates of bear part use occurrence and average of the prevalence estimates obtained for
the entirety of Cambodia are represented in Fig 3. The prevalence estimates obtained for all
SQTs to understand bear part consumption
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Fig 2. Prevalence estimates. Prevalence estimates of bear part use obtained through specialised questioning
techniques (SQTs) and direct questioning for all three field sites (Stung Treng (ST): n = 641; Cardamom Mountains
(CM): n = 638; Phnom Penh (PP): n = 649.
https://doi.org/10.1371/journal.pone.0211544.g002
Fig 3. The average of the SQTs and direct questioning prevalence estimates. Calculated from the prevalence
estimates obtained at all three sites (n = 1,929).
https://doi.org/10.1371/journal.pone.0211544.g003
SQTs to understand bear part consumption
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three methods for all samples in Cambodia (n = 1,928) were 7.3% for the direct estimate (SE:
0.6%, CI: 6.16–8.48%), 2.3% for the RRT prevalence estimate (SE: 0.89%, CI: 0.02–5.23%),
15.2% for the UCT estimate (SE: 0.35%, CI: 14.5–15.9%), and 27.8% for the NT estimate (SE:
2.9%, CI: 22.1–33.6%). The RRT prevalence estimate obtained is much lower than the other
methods, which is consistent with the results found between sites (Fig 3). The SQTs average
indicates that over 15% of the population uses or has used bear parts, compared to the direct
statements of respondents, which gives a prevalence estimate of roughly 7.5%.
False consensus bias. Respondents were classified as either bear part users or non-bear
part user according to their self-reported use of any bear part. A chi-squared test on the false
consensus estimates found statistically significant differences between the observed and
expected values of each group, users and non-users (df = 4, p = 0.0039). Bear part users were
more likely to believe that more of their social group had used bear parts than did non-bear
part users (Fig 4). However, both groups were still more likely to believe that of their social
group, only 0–20% of the individuals used bear parts. This aligns with the prevalence estimates
found for direct questioning, UCT, and RRT. NT was found to be slightly higher in both Stung
Treng and the Cardamom Mountains than the FCB estimate, although the NT estimate from
Phnom Penh was supported by the FCB result.
Discussion
Globally, the use of animals for traditional medicine is reportedly as high as 80%, yet studies
that aim to understand and contextualise such use are still lacking [48]. This is important in
Fig 4. False consensus estimates for all respondents. Use of bear parts was calculated as being any individual who
directly admitted to having ever used any bear part. There was significant difference between bear part users and non-
bear part users in belief of their social group’s use of bear parts (n = 1,934).
https://doi.org/10.1371/journal.pone.0211544.g004
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light of the noted decline in species worldwide, often for medical purposes [49, 50]. Moreover,
understanding and changing this use can be difficult, as the use of animals in traditional medi-
cine is often an integral part of a culture [6]. This is likely true of bear bile/gallbladder within
traditional Chinese medicine, yet it is less certain how intrinsic the use of bear bile/gallbladder
is in Cambodia. The aim of this study, therefore, was to begin understanding use of bear bile/
gallbladder in a Cambodian context, by obtaining a general understanding of the prevalence of
bile/gallbladder consumption, through the use of specialised questioning techniques (SQTs).
Specialised questioning techniques in Cambodia
An additional objective of this study was to understand whether SQTs such as randomised
response technique (RRT), unmatched count technique (UCT), nominative technique (NT),
and false consensus bias (FCB) could be useful in a Southeast Asian setting, and for a conserva-
tion issue like illegal wildlife consumption. We found that individuals in our sample were
being influenced by FCB. When we separated our sample into users of bear parts and non-
users, users of bear parts were statistically significantly more likely to believe that their social
group had a higher prevalence of bear part use, compared to the beliefs held by non-bear part
users. However, it is worth noting that the majority of both users and non-users of bear parts
believed that the prevalence of use was somewhere between 0–20% of their social circle. As
shown in Fig 3, this belief correlates with the average prevalence estimates found both in direct
questioning and for the other three SQTs.
Respondents in all three sites overwhelmingly indicated trust in RRT over UCT, when
asked which of the methods they felt best protected their answer. However, as the results indi-
cate, respondents answered deceitfully for RRT (Fig 2). This superficially paradoxical result
could be a result of respondents trusting the method to shield them enough to lie, or to not-
comply with the "forced" response. Respondents may have felt uncomfortable admitting to
something they hadn’t done when the role of the die required a yes response. It is also possible
that, as the method was used last in the interviews, respondents may have wanted to maintain
consistency by giving the same answer as they gave when directly asked about bear part use,
whether that answer was true or not. The respondents’ desire to maintain face may also have
played a role in that respondents may not have felt comfortable admitting that they did not
understand the instructions for RRT when first explained [51].
In contrast to the RRT results, we found that the prevalence estimate of UCT was higher
than direct questioning in all locations, despite respondents’ stated distrust of the test. How-
ever, we noted two problems with UCT as used in this study which suggest that the UCT
results may not be precise. One is the sample size. Nuno et al. [30] sampled over 1000 individu-
als, yet still found significant statistical error in their results. As we were unable to sample over
1000 individuals in each specific location, the 15.2% bear part usage rate obtained for the entire
country (n = 1,934) may be the most robust. This result also serves to smooth out some of the
variability found in the responses between each sample site. In UCT the expected distribution
of responses is to have the majority of responses grouped around 2–3 behaviours [31]. In this
study, individuals in Stung Treng responded most similarly to the expected UCT distribution.
However, in the Cardamom Mountains and Phnom Penh, respondents in both the control
and treatment groups answered with much higher instances of “0” than would be expected to
occur. The UCT questions did not undergo extensive pre-testing, which may have affected
applicability of the responses to the sample.
Results from NT were significantly higher overall than any of the other results (Fig 2). How-
ever, the questions used for NT were less specific than other questions. All other questions
asked only about bear bile and bear gallbladder, whereas NT asked about all bear parts used
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for all purposes. Therefore, it is reasonable that NT is much higher than the other results.
Those communities that are more likely to use more other parts of the bear, such as bear meat,
would naturally have higher behaviour prevalence. This is supported by findings in our study
where 22.5% of the population in the Cardamom Mountains had consumed bear meat, versus
1.7% in Phnom Penh and 6.9% in Stung Treng. At the same time, the high prevalence in Stung
Treng could be explained by the disparate time frame, as our NT question also asked about
bear part use over life-time, rather than over last 12 months, as the other questions did.
It is clear that although deceit was a factor when responding to the SQTs, individuals still
admitted to use of bear bile and gallbladder at a significantly higher rate than they did when
asked directly about their use. Furthermore, our results indicate that in Cambodia bear bile/gall-
bladder usage is not confined to rural areas, but is also present in urban centres, although the reli-
ability of RRT in particular was very low in the urban context. This may indicate greater social
desirability bias, a hypothesis supported by the direct estimate for Phnom Penh. Phnom Penh
usage as measured by SQT was found to be just as prevalent as bear part usage in rural locations,
but direct admittance of that use was significantly lower than in rural locations. This result could
also have been influenced by the dynamics of illegal wildlife consumption within Phnom Penh. If
wildlife consumption in the urban centre of Cambodia is correlated to social status, then the
lower prevalence estimates may reflect under-sampling of the elite, due to the constraints of the
sampling strategy. Additionally, the majority of bear part users from Phnom Penh who directly
admitted to use were likely to have consumed and/or obtained bear parts in Phnom Penh City.
However, some cited rural provinces as the places either they obtained or consumed bear parts.
Although there was significant variability between all three techniques, our results indicate
that RRT is a non-effective method in Cambodia. It is expected that SQTs obtain a prevalence
estimate higher or equal to the direct questions [25] (although for some behaviours it is possi-
ble that the reverse is true [52]). In this study RRT was significantly lower than all other meth-
ods in 2/3 sites. Although individuals stated that they trusted the method, the 0% prevalence
estimate found in the Cardamom Mountains, and the generally low estimates found at both
other sites, indicates that it is not effective in the Cambodian setting. As discussed previously,
this inefficacy could be for many reasons, including lack of understanding due to cultural fac-
tors, or such great trust in RRT over UCT that individuals felt comfortable lying, with the
understanding that the interviewer would not know that they had lied.
By comparison, we found generally trustworthy results for UCT in two of our study sites of
Stung Treng and Phnom Penh. However, the high amount of “0” responses in the Cardamom
Mountains for UCT may indicate significant distrust with the method. One possible explana-
tion is that UCT may be ineffective in rural areas in Cambodia, particularly considering the
problems Ibbett et al. [31] found in their study. Although UCT performed well in Stung
Treng, the least densely populated province in Cambodia, the interviews themselves were per-
formed around the provincial town centre, an area of relatively moderate urbanity. Addition-
ally, we suspect that UCT may be ineffective in areas that have been exposed to frequent
surveys. As a biodiversity hotspot, the Cardamom Mountains are a popular site for research in
Cambodia, and subject to greater wildlife law enforcement and habitat protection [53]. This
may have an effect by causing individuals in those areas to be wary about researchers, whose
research has potentially led, or are perceived to have led, to greater restrictions on resources.
Another explanation for UCT’s apparent inefficacy in the Cardamom Mountains is the find-
ings of Tschuyia et al. [54], who argued that error within UCT occurs when a behaviour is rela-
tively rare in a population. However, this seems to be an inadequate explanation for the effect
seen, as UCT appeared to work well in Phnom Penh and Stung Treng, where the behaviour
was at a similar prevalence, according to the other methods used. The technique that appeared
to be most reliable across sites was NT. Because it was not specifically highlighted as being
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separate from the other questions in the survey, we suspect most individuals were comfortable
in answering those questions.
Future studies that aim to test these techniques should be created to ask exactly the same
question with the same time frame, so as to be fully comparable. However, we are able to draw
some important conclusions. First, RRT does not appear to be effective for asking research
questions in a Cambodian context, and we would not recommend its continued use in the
region. Second, despite the variability in question format, use of bear parts appears to be much
higher than was previously thought, based on the UCT and NT results, when taken together.
Additionally, individuals are evidently shielding their behaviour when asked. As we found
knowledge regarding the illegality of bear part use to be fairly high in the population, this
deceit in answering direct questions could be due primarily to worries over illegality, rather
than concerns over social undesirability.
Finally, we noticed that FCB seemed to work well in the population, but future studies would
benefit from greater differentiation in the answer categories. As predicted, non bear-part users esti-
mated that a lower proportion of their family/friends use bear parts. However, from our data we
do not know the precise proportion of family/friends that respondents estimated use bear parts.
Based on our results we now know that a finer scale is required, particularly between 0 and 20%.
In particular, we propose two key readjustments of the category of 0–20%. First, the cate-
gory of “0%” should be separated into its own category, so as to reflect those individuals who
exist (or believe they exist) within a social group that does not use bear parts at all. Secondly,
the perceived percentages of use (i.e. 1% and up) should be divided into smaller categories.
Both of these adjustments will assist in aligning with the “true” prevalence of use in Cambodia,
which could be as high as 20% in some locations.
Conservation implications of illegal bear part consumption in Cambodia
There is great potential for specialised questioning techniques to provide more accurate under-
standing of sensitive behaviours and therefore to inform robust policy decisions and evaluate
conservation interventions such as demand reduction and behaviour change efforts [25, 28].
As a result, studies such as this are essential for informing subsequent conservation research in
myriad geographical contexts.
Cambodia’s protected landscapes harbour regionally significant populations of bears [37].
If the “true” prevalence estimate is assumed to be somewhere between the average of the SQTs
for all three sites and the average for direct questions between all three sites, then there is con-
siderable demand for bear parts within Cambodia, which represents a serious threat to the
ongoing survival of potentially regionally important bear populations.
The high level of demand from within Cambodia presents challenges for effective wildlife
conservation. In Cambodia, and throughout the region, illegal hunting of terrestrial wildlife is
often carried out using snares which can be difficult to detect during law enforcement patrols
and which can be manufactured and set easily without significant financial or opportunity
costs on the part of the hunter [55, 56]. Low investment costs and low risk of punishment, cou-
pled with the potentially high profit margins from the capture and sale of high-value species
such as bears, mean that there is little disincentive to poaching. In addition to improved wild-
life law enforcement, continued survival of Cambodia’s remaining wildlife will require effec-
tive demand reduction and behaviour change interventions.
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